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INTRODUCTION

\%'l'hia veport on -tudies of chromosome tranelocations in corn covers an

A

analysis of 5688 translocations at the mid-stage prophase Of these 220 were
from the collection of translocations maintained by Dr. EJ G. Anderson at

the Caiifornia Institute of Techmnelogy, 179 occurred in/progenies from dry

corn seed treatesd witih measuz:ed dosages of X-rays, d 172 oocurred in progenies
from seed exposed to ionizing radiatioans fro e Test ABLE bomb, July 1, 19&6—1/.

-

~
The analyses of the translocations A the last two groups are part of the

//

cooperative investigation cog/duﬂéd by the Naval Medical Research Section, the
U. S. Dapartment of __Mﬂ’cuvilﬁxm, the Catifornia Institute of Technology, end
Cornell Un_.’_gr:,rf{f:‘\;, to determine the biological affects of iocnirzing radiations
from the atomic bomb.

1
The artioles by Bandolph-/on oytogenetio effeots and by Andesson (Lv) on

%dihry effects recurd certain aspeots of these cooperative investigations.

~ 2 Y

This repordfpresents data showing similarities and differenses in the charecter
of the chromosomal disturtences resulting from the different types and dosages
of radiation,

The ooourrlnoo reciprocal translocation be tween non-homologous chromosomes

of oorn was recognirzed nty years ago, and its oytologioai confirmation was
The publications of Brink (12), Brink and Burnham
(13), Burnham (16, 17, 18, 19, 2Dn21, 22), MoClintook (26, 27, 28), Brink and
Cooper (14, 15), Creighton and MoClin®sgk (24), Rhoades (29, 30), Beadle (11),

Anderson and his associates (1-10), and C

recorded shortly afterwerds.

k end Anderson (23) reported genetio
and cytological date concerning certain of the warlier-recognired translocations

in corn, anda demonstrated the usefulpess of trunsfbcations in attacking many
geme tio and oytogenetic problems,

1/For additionat details concerning the preparation and exposure cf the ;e secda
see R.H. Draeger and Shields Warren, U.S. Nav. Med. Butl, 1947, 47;21v=-224 and
L.F, Randolph, 4.E. Longley and Chin Hauing Li, Soience, 1949, l108:1ls=15,
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MAYERIAL AND METHODS

Abundaunt miorosporocyte material with the ochromosomes well spresd and well stsined
is essential for the analysis of translocatiuns with a minimu i of affort. To faocilitate
the preparation of good pachytene stapges, material was nollectsd during the part of the
day in whioh plant growth seemcd to be most active. Nearly all transleoations studied bhad
been transferred to streins of corn that seemed to have the pachytene chromosomes well
spread and that hed many of their chromosomes marked bty one or more readily-identifiable
morphological characters. Thus, the more obvious aids for chromosome studies were in-
troduced into ths strains used.

The proper stalning cf mid-prophese ohromosomes of corn is not fully estandardized.
The mathod used in preparing acetooarmine smears was modified from time to time to ocope
wi th the ageing of stored miorosporocyte material. Ageing usually causes the ocytoplasm
as woll as the chromosomes to absorb the stain. When this becomes too pronounced the
con trast between cytopinsm and chromosomes is lost, This contrast oan b restored al-
most completely if, after staining, the staining medium is made more acid by adding a
small amount of 100% glacial acetic acid to one side of the slide and working it
gradually into the stain. If the proper acidity has been approximated, the cytoplasm
olears but the chromosomes retain their stain when tne cover glass is put on and the
slide heated.

Non-homologous palring in ocertain types of translocaltion complexes causes onn-
siderable difficulty in determining the points ot breakage in a few contigurations,
This abnarmel pairing usually can be detectsd, when several translocation figures
are compared, because of the variable position of the cross that marks the exchange
points.

Usuully sufficient translocation fizures wers cbtmined to fix ths peinty of
exchange for each chromosome. Three or more camera lucida drawiugs of the clearest
figures were made and by map rule measurements the distance of the vreak from the

fibre attachment of each ohromosome was oalct .tcd and redorded as a decimai frauotion of

the totai length of the ohromosome arm.
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OBTAINED DATA
The materisl described in this study adds appreciably to the number of
translocations available for use in cytogenetic research. The feature
emphasized here is a comparison of the effectiveness of various types and
dosages of radiation for producing breaks in differenct chromosomes, chromosome
arms and sections of chromosome arms,

The term "break" in this discussion is restricted to breaks thmt subsequently
heal with breaks in other chromosomes and produce transmissibles reciprocal
translocations. Conseqguently, break frequercy, as used, may not include all
breaks produced by the radiation.

Distribution of Breaks among the Ten chromosomes

The observed and calculated numbers of breaks in each chromosome resulting
from the BRikini treatments are reported in Table 1, Similar data for X-ray
treatments are reported in Tables 2, Data on the collection of translocations
maintained by the California Institute of Tecunology (C.I.T.), which was
assemblad from diverse sources, are reported in Table 3 for completeness and

to permit comparisons. The data in Tables 1, 2 and 3 are summrized graphic-

-
ally in Pigurs 1.




Tabie l. Chromosome breaks observed in the progeany from seeds exposed to
the Test ABLE Bomb at Bikini.

[ 1 [ 4 ] L [}
Chromo~"' o ' o [} Lot 3 1 W B~ (] Total
some ' r P ' v P P
om 1 3 t 3 ' t ] . ] 3 t 3 ' ] B
' Ob' Ob ' Ob' €C 'X '0b' Ob' Ob' C ' x°
NOw EO ™ No . No. No . WO - No. No.
1 0 0] 54 48.0 «75 0 Q 54 01,3 .14
2 0 0 32 38.8 1.91 4) 1 33 41.4 1.70
3 1l 0 S0 36a1 1.03 0 1§ 31 38,6 1,50
4 0] 0 30 3.6 +61 (0] 1 31 36.6 .86
5 S (o] 42 34.9 1.44 1l 0 46 572 2,08
6 1l 1l 24 28.4 +QL ¢ 0 31 30.3 .02
T 3 0 23 273 .68 2 0 28 29.1 04
8 2 1 43 277 8.45 2 0 48 29.0 11,60
9 0 1l 24 2De? «57 1 ) 26 26.9 «30
10 o} 1 15 21,5 1,97 0 0 16 25.0 2.13
Totals 19 4 327 17.42 6 2 944 e =7

Table 2, Chromoscme breaks vbserved in the progeny from seeds exposed to
X~ray treaiments,

' '
t 5000~ ' ' 20000~ '
Chromo= ' 10000Fr ' 15000+ » 250007 ' Total
some ! ' —— 1
oy ¢ Xrob ¢ X rob ¢ X rop 4
- No. No. No. Hoe No. Ko No. No.
1 4 7.7 L.T8 22 3547 4.06 8 11.9 1.28 34 55,3 19
2 B 6.3 W27 23 2742 64 T 9.6 LT0 35 45,0 1.49
3 5 5.8 11 30 25.4 .83 5 9.0 1,78 40 40.2 .0l
4 4 5.5 Al 18 24,0 1.50 9 8.5 L0383 51 30,4 1.32
5 9 5.6 2,06 24 24.5 LOL 10 8.7 L19 43 33,7 .48
6 8 4.6 2,51 20 19,9 1.31 7 7.1 .01 40 31.6 2.23
7 5 4.4 o08 24 19,1126 7 6.8 JOL 36 50,3 1,07
8 5 4.6 .06 25 19.4 1,62 14 6.9 7.31 44 30,6 5.66
9 § 4.1 .20 17 17.7 03 7 6.3 U8 29 28,1 .03
10 2 3.5 .64 18 15.1 56 6 5.3 09 26 23.8 .20
Totals 52 8.12 226 11.52 80 11.48 558 19.48




Table 3. Chromosome bresaks observed in the California Institute of Teohnology
oolleotion, certain misoelianeous stooks, and the grand total of sll
observed breaks.

- W . = -
- * w» = -
- W @ @ =

Chromo~ Cel.Te O‘ n Grand
some Lollestion %8 Total
o3
o
t '
Ob c < Ob ¢ Ob c Xz
No. loe No. No. No.
1l 63 66,6 2.42 b 142 175.3 6.33
2 56 b2.9 «18 2 126 141.6 1.69
3 45 49,3 «38 b 121 L33,.9 l.24
4 42 46.8 +49 4 108 126.2 2.61
6 68 47,6 1.48 6 151 127.3 4.42
6 43 38 .8 «46 1 1156 102.6 1.50
7 - 34 37.2 28 b 103 99,5 «12
8 40 37.8 13 5 137 101,0 12.83
9 38 34.4 +38 4 97 92,0 27
10 33 29.4 44 1 76 78.6 «08
Totals 440 6.64 34 1176 21.09
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The calculated (C) numbers of breaks shown in the a ove meutioned
tables were computed from the observed (0Ov) numbers on the msis of chromo-
some length, Utilizing the total numbers of breaks observed for esoh treat-
ment and the total length of the 10 chromosomes at the pachytene stage,
the expectcd number of breaks could be compubed for each ohromosome on the
basis of random dis tribution of breaks cver this entire length.

The chi-square tests indicate a non-random distribution of breaks in
the bomb treated materiai, in the X-ray treated materiai, and in the grand
total, The ohi-squarc tests reported in Table 4 also show that the dis~
tribution of breaks amoug the 1lU chromosomes is different when Lot 3 is
compared with 15000 r X-ray treatment and when the total material from the
bomb exposure is compared with the total X~ray material, A uritioal
examinaticn of these data show that the six shortest chromosomes in the
X-ray series have more breaks than expeoted, while the four longest
chromosomes have less than the expected number of breaks. No such
definite relationship is evident in progenies from the bomb treated

seed.




150

breaks.
o
(=]

of
d
[ ]

Number

(7
(=]

23

Total population

VAL TEEE NN,

-
feanten
Yk

BHLEL IR

12345678 900

Chromosome.

Lot3d Bikini

P> 77 777722 72777424

1sooor X—Ray
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Tabie 4, Comparison of the chromosome breaks observed in the progeny
from seeds exposed to the Biki: 1 and X-ray treatments.

Chi=aquare wa fuss tor the

[
Chromo~- : _ compurison indloated
soms . let  and ! Tota1s for Bikini
15000r ! and X-ray

1l 5.15 8,77
2 U2 «02
3 3.78 1.86
4 72 06
8 L.dk 1.88
7 5.53 1"{?
5 105‘ 071
9 .00 ‘14
10 4,45 5.26

Tom1le 22 .32 20,65




Distribution of Breaks among the Twenty Chromosame Arms

The distribution of breaks among the twenty chramosome arms is presented
in Tables 5, 6 and 7 and figure 2 in much the same mainer as the data for whole
chromosomes given in Tables 1, 2 and 3 and figure 1. The nunbers of breaks in
chromosome arms 3S, 7L, 95, 10S and 10L, are below the expected frequency in
Lot 3 of the bomb-treated groups and above the expected in the 15000 r X-ray
treated groups, This relationship between observed and expected number of
breaks is reversed when arms 1L, 4S, 5S and 7S are compared. Both groups
have more than the expected number of breaks in chromosome arms 5L, 6L, &S,

and 8L, and below the expected number in arms 13, 25, 2L, 3L, 4L and 9L.




Table 5. Mumbers of breaks observed in essch ohromosome arm in tha progeny
from seeds exposed to the Test ABLE Bomb at Bikini,

] ] v v k] ] [
é ] 'A'N' tm vg_n
' ' J ' Lot 3 ' Vo ! Total
fy ., 5§ SRR
0' '51 ! ' ) ) *
I o L LY SR R <A A S S o
'ODTOO R FO. WKYO. Rﬁ.
1 8 0 o 20 20,9 06 © ) 20 232.3 .26
L 0 o 3¢ 271 1l.76 O 0 3¢ 29,0 .86
] 8 0 o 13 172 1,08 O 1 14 18.4 1.06
L 0 0 19  21.6 Sl 0 0 19 23,0 .70
3 8 1 O 11 12.0 .08 0 0 12 12,8 o6
L 0 0 19 24,2 12 0 0 19 26,8 1,79
4 § 0 0 ¢ 13.1 008 U 0 1¢ 14.0 +00
L 0 O 16 21.2 1.28 © 1 17 22.6 1.50
5 s 1 o 235 16.0 3,086 © 0 24 17,0 2.88
L 2 0 19  18.9 ,00 1 0 22 20.2 .16
6 § 0 0 é ) Jd2 0 0 8 Te .26
L 1 1 25  2i.b .29 0 0 26 22.9 .10
7 8§ 1 o0 10 7.3 1,00 O ) 1L 7.7 1.41
L 2 0 i3 20,0 2.46 23 0 17 2l.4 <90
8 8 1 O 12 8.6 4,42 1 0 14 7.0 7.00
L 1 1 31 2.1 4.86 1 0 ¢ 22.6 5.88
9 § 0 0 8 8.9 09 1 0 9 9.5 .08
L 0 1 16 16,3 08 0 0 17 17.6 .02
10 s 0 1 ¢ 5.7 BL O ) § 8.1 .14
L O O 1L 15,8 1.46 0O 0 131 16.9 2,06
Tota ls 10 ¢ 322 23,79 6 2 Bes 26,89
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Numbers of breakes observed in sach chromosome arm in the progeny from
seeds exposed to X-ray treatments.

2 o o

o

[l 7]

e w ol ] [l <] [l ] (ol

5000 and 20000 and |
10000 r 15000 r 25000 r 1
t Ob c Ob ' Qb x2
—jﬁLO - No. No ™ Noe«
3 14.7 6 18 1417
1 19.0 2 18 6.60
3 12,1 4 16 «50
2 15,1 3 19 1,00
2 8.4 0 17 1403
3 17.0 5 23 57
1 9,2 1 10 1446
3 14.9 8 21 .27
4 11.2 5 18 <01
5 13.3 5 25 «76
3 4.6 2 12 2.40
5 16.1 5 28 »70
1 5.5 2 8 «00
4 14.0 5 28 1.52
1 4,9 8 12 3.03
4 14.8 8 32 3,07
2 642 4 14 1.70
3 11,5 3 15 56
0 4,0 2 8 o652
2 11.1 4 18 .01
52 80 358 26.87




Total population

735

350 |-

[}
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(o
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Number of breagks.
o
I

30 {-

Chromosome arm.

Fir. 2. Distribution of breaks among the 20 chromosome armse. Cross-hatched bars
are observed distributions; solid bars are random distributions.
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Table 7. Numbers of breaks observed in eech ohromosome &rw of the California
Institute of Technology ocollection, oertain miscellaneous stoc:s
snd the grend total of all observed breaks.

! ! CeIoTe HFE. I Grend
Chromo=- ! ' Colieotion I H Total
some ! Arm '
' v obr ¢ ' ¥ v obr ob ' ¢ + X
No. NO. No. ﬂo. ﬁo.
1 S 22 28,6 1,62 1 6l 76,3 3.08
L 31 370 «97 0 81 99.0 8.27
2 8 14 23.5 3.84 (o] 4 82.8 5.83
L 42 29.4 5.40 2 82 7847 14
3 8 11 18,3 1.13 1 4] 43,6 16
L 34 33.0 »00 4 80 90.3 1,17
4 ] 21 17.9 b4 3 48 47.8 «00
L 21 28.9 2.16 1l 60 7843 4.29
b 8 25 21.8 47 2 69 58.2 1,99
L 31 25.8 1,06 4 82 69,0 2.43
6 8 10 9.5 03 0 28 2543 28
L 33 29,3 o447 1 87 77.3 1.23
7 8 8 9.9 «38 0 27 26,5 «01
L 26 27.3 06 6 76 731 «12
g 8 13 3,0 1.78 ) 43 24,0 15,16
L 27 28.8 oll 1 94 77.1 3.72
] s 8 1z.1 5,08 0 29 32.4 «3E
L 32 22,3 4,2¢ 4 68 59,7 1.17
10 S 8 78 «05 1 22 20.9 «06
L 25 21.6 54 0 54 57.7 24

Totele 440 27.78 34 1176 44 .49




Chi-square tests shown in tadble & iloate appreciable differances
between the Bikini and X~ray treatments in the distribution of breaks among
the 20 chromosome arms. Since the Bikini and X-ray groups represent oomparable
samples from the progenies of each treatment, the different effeocts on some
of the chromosomess and chromosome arms suggest an association between the
frequency of breaks and differences in the morphological features of thw
chromoscmes, A consideration of this possibility is postponed untii the

distribution of breaks within each of the twenty ohromosome arms is presented.
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Table 8. Comparisons of the bresks observed in each chromosome arm in the
progeny from seeds exposed to the Bikinl and X-ray treatments.
: : Chi-square values for the
Chromosome |  Arm comparison indicated
! ' Tot § and 1T Totals for bBikinl
' ' 16000r ' and X-ray
1 S 4,06 »38
L 12,99 10.62
2 8 «00 «09
L «03 «03
3 8 4.98 1.63
L «26 «63
4 ] 59 1.43
L .23 062
b 8 8.13 1,96
L 25 019
6 S 1.54 6.32
L 26 «1b
7 S 1.18 1.04
L 7.26 6,01
8 S 3438 045
L 24 32
9 s 1.01 2.29
L «80 o4l
10 8 2.38 1501
L 327 Se

Totals 62.82 38,72
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Distribution of Breaks along the Twenty Chromosome Arms
in 5 Micron Secticns

Table 9 shows the distribution of breaks along the wrm by 5 micron sections
beginning at the fibre attachment for eacn chromosome arm of cach radiation
group. These distributions in major groups are shown graphically in figures
3 and 4. The table also shows the calculated number of breaks derived by
dividing the totsl population of the group among the sections according to
the length of chromosome thread present in each. These sections, beginning at
the fibre attachments, total 100, 99.8, 96.h, 75.2, 68., 57., 41.8, 17.2 and
1.5 microns long respectively, for sections one to nine, respectiv 7.

The chi-squere tests show that the observed and calculated distributions
are significantly different for most major groups and that the distribution of
the breaks in the Bikini-treated material is different from that treated by
X-rays, giving a x2 value of 25,19,

This comparison clearly indicates a prepondcer-nce of breaks in the ten
micror ; adjacent to the fibre attachments and a dearth of breaks in the distal
portions of the arms, The latter seems more pronounced in the X-ray than in
the Bikini material,

The unmistakable prevalence of breaks adjacent to the fibre attachment
suggests that the heavily staining material so prominent near the fibre attach-
ment in many chromoscie arms is respeonsible in part for the non-random distri-

bution of breaks along the chromosome arms,
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Distritution of breaks amonx groups of Chromosome arms.

The observation that the Bikini and X-ray treatments ocaused the number
of breaks to depart from the expeotsd number in the same direction in soms
chromosome arms and in the opposite direction in others, suggested a regroup-
ing of the data. It was thought that morphological features that cause
differences in staining intensity mey comtribute to differences im the number
of breaks in different chromsome &rms subjeoted to the same treatment amd to
the sams chromosome ams subjected to different treatment.,

A psrsonal elsment ig likely to enter into any atbtempt to ssoribe definite
morphological characsteristios to a chrommoume or a group of chromosomes. The
chromosomes of corn have charactcristic markings that make it nossible to
identify each one. Certain morphologiocal features that are common to groups
of chromosoms arms are listed below,.

Chromosome arms 5S, 7L, 9S, 108 and 1OL staln heavily adjacent to the
fibre attachments.

Chromosome arms 11, 48, 5S and 7S stain Lightiy throughout their length.

Chromosome arms 5L, 6L, 88, and 8L have mixed heavily-snd lightl -stainirg
areas throughout much of their length. Chromosome arm 63 seems to fit best
into this gmup.

Chromosome armg 1S, 2L, 28, 4L and 9L hew a distal heavily-staining

re glon,

PR et
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The date in Table 9 have been rearranged and summarized in Table 10 and

Figure 5. The percentage distribution of breaks is given in Table 10 instead

of actual numbera of observed and expected breaks, The percentage distributions
permit a more ready comparison of the effects of the different radiation treat-
ments and of the differences in the morphological features of the chromosome arms
and sections of arms, The ratio of the observed to the expected percentage of
breaks shows the departure of ea~h group from the expected or general mean. These
tabulations do not lend themselves to statistical treatment, but seem useful in
the se;rch for clues to explain why the treatments affect certain chromosomes,
chromosome arms and sections of chromosome arms differently. A comparison of
the rearranged data from the Bikini and X-ray tr atments shows the differences
and the similarities in the distributions expected, since these were the basis

for the separation of the arms into 4 groups,
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The distribution for the total population approaches the scaiculated
distribution beth in the group of arms that stain heavily adjacent to the fibre
attachment and in the group staining lightly throughout their entire lengths,
due to combinii.g the data trom different treatments. The other two groups of
arms have departures from the caloulated similar to those in the sub-populations.

The distribution of breaks within chromosome arms in random popuiations
from the Lot 3 Bikini and the L1500V r treated seed will be examined oritically.
Bowi treatments give the greatest dsperture from the expected in the ten micron
veoord e, .djacent to the fibre attachment in the group of arme that stain lightly
throughout, In the 15000 r material the departure from the expectsd in the ten
microns adjacent to the fibre ettachment deoreases as the distalL sections of the
arms stain more hesavily. In the Lot 3 material the depar ture from the expected
in the += mi- 8 adjacent to the fibre attachment deocreases as this section
of the chromosome arms stains more hsavily.

The two distal sections of the chromosome arms, if combined, show that the
Lot 3 materiai closer to the expescted than tle L5000 r material in the two
groups of amms that stain lightly distai iy, while the relationship is reversed
in arms that have distal heaviiy-staining areas.

It is conelwisd from these compuiisone that the Bikini vrestment was
silightly less effective than the X-ray treatment in producing breaks in heavi ly
steining regions and slightly more effective in lightiy-staining regions of
the chromosome ams, and that the number of breaks in different sections of

e chromosome arm ssems to be asscciated with differences in staining intensivy.
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The data.in Table 10 show somewhat different, distributions of breaks
between the 15000 r X-ray treatment and the total X-ray popmlation. These
differences led to the comparisons in Table 11 and Figure 6 of the average
position of breaks in the low, medium, and high X-ray and the Bikini treat-
menta,

The av 'age population of these four randomly-maintained progenies shows
that as the X-ray dosage increases, the proportion of breaks near the fibre
attachment also increases and that Lot 3 from Bikini has a mean position of
breaks that suggests a dosage intensity intermediate between ths low and medium
X-ray dosages.,

A subdivision of the total population of breaks of each progeny into the
four groups of chromosome arms shows that the mean position df the breaks
approaéhes the fibre attachment as the dosage increases in the case of amms
that stain heavily adjacent to the fibre attachment and, except for the low
dosage X-ray treatment, in arms that stain mixed heavily and lightly through-
out. The other two groups of arms show little to indicate a consistent change
in the mean position of breaks resulting from differences in radiation treat-
ments,

The mean position of breaks seems to indicate that high dosages produce
proportionately more breaiks than low dosages in heavily-staining sections of
chromosome arms, and the chromosome arms staining heavily adjacent to the fibre

attachment offer the best material for differentiating between radiation treat-

ments,
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Tabls 11. The average pusition of breaks in four different radiation treat-
ments for all and for four subdivisions of the chromosome ams.,

Position of Breaks
Chromosome
Arms Lot 3 5000 & 1500 - 20000 &
Bikini 10000 r 25000 r
All o424 439 408 373
38 7L 98 108 10L 416 537 . 359 .328
£L 6S 6L 8S 8L AT 404 .438 .338

1S 25 2L 3L 4L 9L .420 422 426 426
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The refationship betwsen breaks of associated chromosomes

The possibility that there is a preferential association of certain
chromosomes in the formation of translocations was tested by comparing the
observed and the expected number of combinations of each chromosome with each
of the other chromosames. Tre chi-square test, although not altogether satis-
factory due to the small numbers in each comparison, shows that only 7.3% of
the associations are outside the normal curve,

The data for the association between chromosome arms are so meagre thatl
a chi-square test seems unwarranted. Of the 180 possible combinations, 17
were not obtained from the pqpulation of 588 translocations, There were 12
combinations that occurred with a frequency above 7.15, the number expected
for the association of the two longest arms,

An impression received during the cytological analyses of these trans-
locations suggests that the two breaks which unite to form a translocation
have a tendency to be the same distance fram the fibre attachments., This
possible relationship is tested in Table 12 and shbwn graphically in Figure 7.

The distribution of the 1176 breaks among the various sections of the
chromosame arms is shown in the left-hand column. The distributicn of these
breaks as they are associated with breaks in each of the successive sections
is given in the body of the table. For a comparison of thk distribution of
breaks as a whole with the distribution of the associate breaks a parallel

tabulation is given,
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T™e ohi-square tests show that the observed distribuvtion of the
agssocinted breaks doss mot {it the distribution of breaks as a whole in any
of the comparisona,

The meen position of the associate breaks shows that when the breaks in
the primary chromosomes are more distal, the breaks in the essociated ohromo=-
somes are also more distal, Thus, the impression that breaks =2t simiiar diztances
Sfrom the fibre attachment are assoociated more frequently than expected is
oonfirmed.

Discussion

The distribtution of breaks in the chromosomes of corn, resulting from
the exposure of seed to X-rays or to the Bikinl explosion, show many sigm ficeunt
depertur«s from the expected random distribution of breaks tased upon the
length of the ohromosome arms. The nm-random distributiopn of breaks resuiting
from the X-ray treatients is most apparent in the long ohromosomes with their
long lightly-staining sectlons, 1In them the number of breaks 1s below that
sxpected. A comparison of differences in the number of breaics found in long
and short ohromosomss and di ff2rences observed in meterial from different
radiatim treatments indicates that non-random distrivutis>n of breaks is
general.

This general non-random distribution is also apparent whenever the
relative frequuncies of breaks in certain chromosome arms and sections of arms
are coapared., They show that the Bikini exposures gave a distribution of breaks .
amorig the twenty chromcsome arms Juite different from that caused by Xeray
treatments, and that Meavily-staining sections adjacent to fibre aitachments

had well above the expected number of breeks in all radiation treatments,
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Kaufmann (26) in his analysis of breake following X-ray tweatment of

Drosophila melenogaster found that one-fowth of the breeks were in the

proximal heterochromatio regions. Ths corn chromosome is not usuatly divided
into heterochromntic end euchromatic regions, but the association of & high
frequency of . bresks with a high ohromosome density seems very similar to the
aspoociation beﬁteen reak frequencies and chrometic differences in D. melanogaster
shromosomns .

The correslation of chromosome morphology and break frequency suggests that
in all radiation treatments there is an assoociation between the intensity of
etaining and the frequeucy of breeks. Thias association is most apparent in the
more deeply staining chromosomes, chromosoms arms and sections of chromosome
armé, since the total frequency of breaks in them is cutstandingly high.

A comparison of differen+t radieation treatments indicatee that as the
dosage increases, the number of breaks incrceses in the heavi ly-steining
geotions, and dooreases in the lightiy-stalning sections. The Bixdini treat-
ments produoed ‘oﬁ"eots that would suggeo s & dosege intensity below 16000 r.

The chroivsome arms that stain heavily ui‘ja.ceut to the fibre attachment
have servod best tc indicate ﬁxe differences in break frequency resulting from
different radiation treatments. The data on the poaitions‘ of breaks in trensz-

location complexes indlicate that breaka equidistant from fibre sattachment tend

10 be assosiated,.

Summry
Amlyeis of the 68¢ trenslocations resulting from the oxposure of corn
seeqd to different radiation troatwsnis, inclwding the lonizing redimtions of the

Bikini Test ABLE atomioc bomb hrs led to the following conolusions:

ETRPRPC
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The breaks prod .;d by the various radiation weatments are not distri-
buted at random, among the 10 chromsomes, the 20 ocnromosome arme, or the
different seotions of the ohromosome arms,

The non-rendom distribulion of the Bikini induced translocations 1s
di fferent from that of the ZX-ray '-eated controlas.

Chromosoms arms with mixed heavily and lightly ataining areas have more
than the expeoted number of breaks, regardiess of the radistion treatment.

Chromosom® arms with heavily staining distal regions have less than the
expcoted numbers of breeks following all types cf rediation exposures.

Chromosome arms staining heavily edjacent to the fibre attachment have
more breaks than expected when treated with i-ray and fewer breaks than exw
pected when exposed to the Bikini radiations.

Clr omosome arms staining lightly throughout their length have fewer
breaks than expected when treatr 1 with X-ray and more than expescted when e x-
posed to the Bikini radiations,

A comperison of the position of breaks resulting from low, medium, end
high dosages of X=rays indicates that the proportion of breaks in heavily
staining ereas is ,reatest when the dosage is highest, and in lightly
staining areas is greabsst after low dosages.

The position of the breeks in Bikini-treated material imdicates that the
dosage intensity was intermediate between the low and medium X-ray dosages studied.

Among the whole population of translocations there is a tendency for breaks
the same distance from the fibre attachment to be associated more frequently

than expscted on a random basis.

W
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£ddendum

The two following tablee are the uncondensed data on chromosome

translocationg and inversions snalyzed in these studiss. These details

are given to make 1t possidble for readers to reanalyze the data and to

acquaint other investigators with the different translocations and in-

versiona being maintained by Dr. Andersonr of the Californias Institute of

Technology .

The following key shows the sources of the wvarlous progenies.

Progenies Types of treatment
21, 22 50C0 r X-ray
23, 24 w0000 r "
25, 26, 36, 37, 38, 43 15000 r "
o7, 28 20000 r "
70 25000 » "
01, 02, 03 Lot 1 Bikini bomb
ok, 05, 06 "o " "
29, 30, 31, 32, 33, 3k, . .
39, &0 "3
07, 08, 09 "6 " "
10, 11, 12 L "
58, 59, 65, 66 Miscellaneous
All others Calif. mnst. of Tech. collection

The cross bers, sudbdividing the colwm of position of breaks, separate

the divisions of the chromoscme arms into 5 micron sections, beginning at the

fidbre attachment.



Progeny
X22-61
30-146
28-23
28-3
30-73
B-49
29-87
(2-Ta)
37-154
38-30
30-173
X23-2
30-36
C-U7
29-32
A-69
39-36
31-16

30-126

29-4

25-11

34 -2k

Table A. List of Translocations

Position of hreaks

15.96 41..65 B-89
15.90 8L.03 TO-bk
.85 _ _ k.38 38-37
1s.81 3L.50 30-106
1S.79 25.54 A-80
15.79 75.37 b
15.78 55.28 30-80
18.77 2s.2h 26-12
1S.77 35.65 34-109
15.75 3L.66 30-64
1S.75 95.78 B-75
1S.72 55.71 I-17
1S.72 TL.1% c
18.72 10L.10 27-52
LS.71 _ _ _ 10°.70 27-59
1S.70 TL.T2 38-4
15,69 LL.71 26-28
1S.69 TL.53 31-13
15.66 2L.22 37-77
15 .65 TL.4L a
15.61 9L.32 A-61
.59 _ _ _I8.60 c

1S .54 21,38 21-63

B
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5 b
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.22
.21
.20
.20
.19
.18
17
.17
17
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21-60
33-53
3%-101
c-15
30-66
A-69
66-op
27-Th
C-36
33-160
37-51
-1k

c-h6
30-106
39-35
A-90
30-100
M-T7
Xh1-13
-5

30-155
30-109
¥-10

P e

]BQ(”
15.09
1s.08

1s.08
15.06

1 .00
11..01
15..02
11..03
1L..03
1L.03
5.0k
1L.06
1%.07
1L.07
1L.09
1L.09
1L.10

e e

SL.67
T8.57
TL.65
88.53
10L.27
9L.k9
106.10

SL.02

2L.28

2=
30-108
X1-37
30-118
34-95

26-4
26-83
26-40
B-10%
39-1k9
30-102
B-98
26-Th
36-137
37-85
30-150
30-81
32-160

30-129
37-83

30-19
15%5-16

B-2

il.11
1L.11

.12

- -—— o s @

kL.ik
6L.26
59.51
25.66
3L.12
45,11
8.08
8L.56
10L.69
3L.13
8L.21
9L.1T7
10L.30
8.37
88 .h2
.82
8L.14
85 .k

55 .96




a 1L.2¢ TL.03 B-§» 1L.60 8L.682

B-62 1L. 30 6L.3% 29-136 1L.61 6L.73
30-% 1L.31 54T A-33 1L.62 3L.kQ
h-102 iL.32 _ _  2L.39 3k-3 1L.62 8L.79
A-5T 1L.33 45.16 3k-9h 1L.63 2L.%52
A-37 1L.33 55 .47 a .63 _ _ 38.75
30-T. 1.3k 2L.7T 33-6 11..66 8L.35
¢ 1L.34 TL.1h 26-36 n.e8 _ __ Fx.T
1-9 11..36 aL.35 a 1L.79 78.38
30-84 1L.36 9L.32 32-37 1L.79 9L.40
A-50 11..36 10L.67 k0-ko 1L.81 3L.89
a 11..38 100.21 o2h-k5 1L.85 8L.45
B-94 1L.k2 TL.15 29-146 1L.86 3.6k
37-87 11,.k2 8.3l 28-32 .86 _ _ _ .1}
1) 1L.k2 9L.5k 29-1710 iL.90 3L.92
h2 1L.k3 _ _ _TL.08 37-89 1L.91 2L.70
26-19 L5k hL.08 33-31 1L.9% 8L.73
29-16 1147 TL.90

e 11..49 ks .66 26-4h 28.94 TL.31
25-64 11L.50 55.40 22-48 26.93 _ _ _ _ k.08
h3-26 1L.51 9s.19 43-9 25.65 6L.10
s 11.%52 58.35 Xlk-122  25.79 56,28
» w.sk  TL6 26-92 25.76 6L.T1
I-2k 1L.56 55.93 34-101 2.7h 18.13
27-21 11..60 3.8 28-6 28,72 8L.62




70-k
29-154
30-118

o

c
10-26/117
37-1k6

a

30-73
20-k6/48
38-4
33-7h
¥-2
39-128
a7-31
34-78
(2-8a)
25-24
30-76
30-145
26-28
271-25

39-122

28.20

.20

K-10
22127
33-28
A-36
36-51

65.19
B.1§
2819
25.17
28.13
B.12
28.12
25.11
28.1)
265.08

5.05

a..01

aL.02

2L.16

8L.01
55.02
31.08
§L..90
8.45
8L.11
4s.19

Ly 2O
VA e AV
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25-76
3353
F-29

30-hk
30-81

2L.16
2L.16
2L.16
2L.17
2L.20
2L.20
a..20
2L.22
2L,.22
2L.22
2L.23
2L.2k
2L.2k
2L.2%

a.ak

...uo.._

55.18
8r.81
11,16
10L.%53
bs.28
6L.28
8L.22
15 .66
61..29
8L.19
TL.25
1S.77
6L.2k
6L.1€
9L.23
42

1L.10

L.36
2,.38
2L.39
e S

2L.h2

2L.A3

.73
m‘o73
a..73

e T |



30-129
30-89
25-51
33-15

C-it
2
30-40
A-8h
-T2
36-13

A-Th
k-3
B-T

¢-k9

35-25
37120
02-3/13k

37154
A-22

8- op

g TR -— e

38.90
35.90

35.89

.95

35.64
35.61

6L.35
SL.82

QL. 5

‘l‘l ~

33-123
30-135
33-251
24-68

I-10

38.80
38,54
38,51

e mmy ems

38.50
35.48
8.4
3B.45
38.h)
38.33
35.30
38.30
35.29
35.28

B2

38.25
38.25
35.25
38.25
3.25
35.2%
.28
38.2%
38.23
3B.20
35.18
35.18
38,17

963,67
9L .60

.
Lo T
-

9L.63
21..16
58.49
8L.57
TL.16
TL.16
ML.TN
8L.31
TL.13
75.26
28,20
».0
5L.18
5L.b45
8L.85
108 . %0
hs.78
55.12
86,38
TL.A7
81,49
4L.13
TL.71
€1..06




37-160
W 158

-i99

Th-108
£-5h
AG-ap
30-1%5
27715
x23-158
36~315
30-180

3070
243

WA
wm.AE
.30
380k

3 .00
.02
.08
3L.0k
.05
.03
106
35..06
3L.0T
.07
3L.07
3L.08
3%.99
L.69
IL.10
.11
x.03
x.A
.12
L.12
.2

Fre .

0K . 1%
ThaottT
2,03
BE. 03

#8.99
Ok 29
28 . Ok
AL.0%
8L .05
SIL .4k
78.60
&% .67
€L.19
.27
81..03
2,05
&e.39
&..17
&1
is.12
1L.X3
.54
18.26
A8 o1y
B .hs

-~

o

T

o

B-20%
3749
2678

3734

24-h1
£9-154

.13
.1k
AR Y]
K (.3
™D
3035
33
.18
3L.18
Reody
.20

3%

X 27
8 .00
Th. 53
18.39
&8,.2
8 .20
&3 .34
oAb
6L.2%
63, .40
§6.59
63
108..32
SL.52
&..32
10%..12
.6k
.28
0% T5
24 .67
.60
8L, 3%
7L, 1Y
8.1k
9L.26
6.7
£..%




29-136

3740

3L.65

av, R%,
i

7 e

- e =

= ‘h‘ls..

27-27
A0-bo
29-130

32-k9

25-9
30-68

VR )

68.83
8L.A8
2L.56
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267k
¥-2

30-19

36-118
38-6

65‘-(::9
30-76
x19-5

- o ewe s e -

53.05

.77
98.07
11-.0’«3

“0.28

- W

26-70
¢-k6

37-103
59-op
38-52
23-2h
31-79
33-31
K-17
26-2h
28-51

22-48

€L.1%
m.ol




30-83
36-13
o8-
28-38
c-h9
39-133

X6-T7
30-153
E-10
B-2
29-131
28-9
a1-59

25-23
28-23
39-36
27-25k
33-145
70-47
36-134

34-128
30-35
122-61

- s

TS.12
25,45
6L.30
78.67
2L.9h
2..15
25,20
- - - ..2.,‘3
8L.11
25.19
S5L.08
9L.35
96.1h
1s.2k
6L.hY
8L.5k
18.85

55 .51
5L.29
10L.53.
21..88

- .Th
8L.9%
18.96

36-h3
37-112
39- -
22-46 /48
33-37

bp

27-66
32-1G5
n2-57
10-26/117

Xh-108
32-160
30-102
I-2k

25-51

- s e

= R R

28.51
35.30
9L.2T
e 83
3L.50
10L.1%

28.59




30-83
22.83
3% .52
23~22

A~T5

) ST H
33185
29-104
B-18
A-37
30-70

55.41
59.41

58.35
55.35
55.3%
55.33
55.32
55.31
55.31
55.29
55.29

55 .28

.66
2L.53
TL.63
48,17
10L.56
.2
&s.91
ir.12
LL.52
3545

o

4s.08
10L.07
3L.Ok
81.03



b7

39-%5 55,02 1L.03 58-0p iy o 21 TL.20
b 55.02 .02 B-9% .21 &..28
b 55,00 1 .00 I1-T3 AL.22 oL.15
x7-38 2L.23 .63
2h~1d | 8L,.02 18,06 28-27 51,23 6L.20
s8-op 5L.06 86.11 3L-4G SL.25 61,88
C-52 ) A 4 85.36 36-30 5L.2% 1L.5¢
36-28 SL.07 aL.n3 28-29 5L .25 10L.A6
31-k 5L.07 95.03 30-2h4% 5%.26 28.30
29-12h 5L.07 10L.27 65-op SL.27 %5 .2h
38-37 5L.08 18.33 32-55 5L.27 8.75
K-3 5L.08 2L.90 37-186 5L.28 28.57
B-2 5L.08 kL.30 29-205 1,28 8L.89
A-90 5L.09 1L.03 37-8% =1.28 95,36
26-62 5L.10 10L.80 A-TT 5L.29 6L. 64
31-13 5L.12 1S.20 31-50 5L.30 61.89
22-27 5L.1k 28.19 37-139 s1.. 33 8L.82
A-h9 LAk | _ 108.68_ 26-92 o3k . .. o AOLAT
1) 5L.17 78.33 2 %L, 52 6L.b5
» 5L.18 15.29 23-1 5L.37 88,66
37-37 5L.18 38.25 X27-37 L. 37 3 .61
x19-5 SL.18 h3.21 o 55,38 b5, k5
37-95 9L.18 6L.30 = £1.38 fL.TL
4 5L.19 ks.21 65-0yp 5L.k2 1. 64
70-47 5L.19 kL.53 26-T7 oL.A3 KL.25
23-23 %L.20 €L.79 | 62-3/13%  SL.bS 38.8¢




36-82
25-78
30-5
70-101

b

5L.h9

01-27/03-59 5L.50

39-81
29-105
X1k-111
B-21
30-125
a
T0-53
30-66
37-32
B-70
xr-39
26-60
¢-61
39-51
(3-52)

SL.51
SL.52
SL.56
aL.59

- k“ -

- mr —

9L.63
3L.28
95 .68
T8.39
aL.79
3L.22
101..13
18.11
965 .46
10L.60
A Ty

10L.93

N
3
@

7L .60

& k8
-T2
o8.21
685,13
108.38

30-89
32-h9
29-21
29-122
A-Th
24-17

30-132

5L.82
5L.8¢
5L.82
SL.. B4
5L.86
5L.86
PL.92

- e e e e mae AW G et e

07-13/0%5-2% SL.97

2h+65
I-22

A-T5

68.97
65.95
65.95
65.86
€s.83
6s.81.
6s.60
6s.80s
65.800

L vwmn
W e IV

68.79

68.780
63,780
6S.780
68.770
68.758
65.75

66.83
10L.k9
18.20
1..78
38.82




€8 .10

68 TG
658.670
68.6%
68.5% _ _
€8.31
6s.30
6s.11
65.03
68.00

6L.01
6L.03
GI‘UM

TL.01
TL.16

28-271
A- 56
21-63
33-28
D-13

o

25-9
01-153/1k0
34-131
29-116
30-106
b

2k-3

6L.17
6L .17
€L.1T
6L.19
6L .20
6L.20
6L.20
6L.21
6L.21
6L.21
6L.22
6h.22
6L.23
6L.2k
6L..2h
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6L.25
6L.25
€L.2%

Lo AL
Vs e oW

6L.26
.41
6L.28
6L.29
6L.29
8L.29
6%..30

57,15
9L.22
10L.1k
3L.07
2L.32
oL.23
9L.17
15.17
X6.19
108.62
21.28
ks.85
TL.29
2L.24

3L.18

SL.T1
8.5
¢L.13




A-23

X46-13
70-k

2%-62

— v e e - e

JUY & I

F-11
29-T72
29-17
A-69
28-38
34-96
25-62.

o164 5L.26
6L.68_ _ 10K

6L.71 28.76
6L.73 11,.61
€ T3 3L.4A
61.73 8s.72
6L.7Y 56 .88
6L.Th TL.61
6L.T9 5L.20
eL.79 _ _ _ _80.93
6L.8h 2L.73
6L.8k 5L.46
6L .84 101,.17
€L.88 5L.25
6L.89 5L.30
6L.90 2L.05
Q.91 10L.0%
6L.92 ks.38
TS.92 _ _ .. . .24
18.75 6L.29
7S.73 1068.44
78.67 15.09
75.67 hL.21
7S.€T 6L.33
78.62 €L.62
‘(5 .60 18.59
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01-27
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37-108
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(R
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78.36
T15.35
78.33
1s.2T
78.26
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T5.07
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TL.01
TL.03
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TL.03
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TL.07

IL,.06
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9L.58
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e 1k
6L.13
5L.59
1L.79
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10L.1h
SL.XT
58.61
35.28
5€.31
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4s5.18
ﬂaojo

6L.01
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35.90
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8s.08
2L.66
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36-51
58-op
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7507
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TL.O9
1L.09
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31-16

38-9

C-hh

29
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3125

30-102

X25-78
32-12%

A-52
X26-8
30-137
X10-6
59-op
bp
A-Sk
33-35
37-1

9[:.30
9L.32

TL.07T
68.65
kL .1b
5L.22
éL.e7
8r.88
i8.17
1L.17
3L.59
4L.25
6L.20
3L.46

216
.27
6L.17
2L.2%
3L.68
48.60
8s.11

3’.&2 )

55.21
10849
KL.81
3L.02
§8.39
é6.800
18.61

30-84
H-7
I-9
39-131

37-154
21-61
30-115
T0-h
24-68
39-81
25-61
67-0p
€5-op

oL.32
9L.32
9L.35
9L.35
R.36
oL..40
SL.k0
9L..k0
9L .40
or.k2
9L bk
9L.k7
9L.h9
9L.50
9L.53

1L.36
2L..92

1L.36

kL.30

- P30
1L.79

3L.19

SL.TO




B-103
36-159

26-61
24 -17
c-23
\2-Ta)
37-12
27-66

38-16
39-36

A-23
26-50
36-16

B R RI RS o e

e ww wm w

. 57 -

26-49

36-101

I-22
27-25
37-41
26-T6
27-76

K-17
38-52
37-106

38-h6
c-27

3451
30-71

30-69
70-53
X12-57

33-10

105.37
108.29
1065.28
108.25
105.20
106.12
108.10
108.07
108.00

10L.01
10L.02
10L .0k
10L.0k
10L.05
10L.06
d0L.O0T7T
10L.08
10L.10

101,11

10L.12
10L.12
10L.13
10L.1%4
10L.1k
10L.1k

8L.17
8L.09
9L.11
3L.61
68.95
28,22
15.08
2L.)h
8 .00

kL.Ok
k1.01

TL.2%
8L.03
6L.15
58.06
bS.17
18.72
kg .70
"%.28
68,30
5L.66
kL.92
6L.17

78.35

R




29-24
B-98
h0-3h

30-150
20-31
A-8&
30-60
28-29

26-27
36-13k

23-22

B-T0

=58 -

10L.67 1L.36
14L.67 88.78
10L.69 1L.16
30L.73, _ _ _ .53
10L.7h 98.16
10L.75 3L.37
10L.76 28.38
10L.80 sL.10
10L.83 8L.6C
10L.83 95, 6k
i0L.92_ _ _ _ 2L.83
10L.93 oL.TO
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Table B. List of Inversions ﬁ

Progeny Position of inversiomn

33-158 1s.68 L.67 34-59 38.73 %.69 .

33-101 15.72 L.ko 06-18 39.26 L.09

39-61 15.61 L.hk 33-13 33.09 L.25 {‘
31-k9 18.39 L.90 26-92 3L.08 L.39
30-115 18.30 L.30 3%-16 L.21 L.78
30-68 18.20 L.08 26-39 3L.29 L.89

32-119 1s.18 S.09
26-62 15.1% L.08 37.12 ks.89 L.7T2
30-98 18.06 L.05 30-153 ks.30 8.09
30-T1 15.07 L.17 32-3h AS'29 L.53
' 29-92 1L.25 L.63 38-17 AL.13  L.60
03-14/17  1L.M6 L.82 33-160 §L.15 L.hk
2)-T7/88 1L.%6 L.93 33-1h9 kL.16 L.T1
37-156 hL.19 L.55
; 30-32 28.82 L.kl 37-146 AL.32 L.59
09-k2 28.81 .85 30-%2 kL k3 L.62
30-23 28.76 L.86

., 30-15 23 .64 L.96 30-47 58.78 L.86
’E 30-52 28.38 L.h3 30-100 5S .67 L.30
§ _‘ 27-2 2L.13 L.6% 27-7% 58.61 L.09
% 33-62 2L.18 L.58 28-65 55.45 L.55
ok-66 2L.2k L.76 30-3 5S.h1 8.0%
26-60 .35 L.79 32-2k4 5S.hk1 L.6h

37-112 58.33 L.39




65-op

38-58
29-119

29-152
30-207
25-62
26-33
32-152

33-62
30-12h
30-76
29-21

25-k0

27-62

30-25

63.09
6L.55

78.62
T8.37
TL.06
TL.13
TL.AT

8n.27
8u.28
aL.s1
aL.65

98.67

108.5%

10L.12

L.81

L.87
L.70

L.Th
L.5T
L.70
L.Th
L.69

L.37
Lo’k
Lo%

L.8&1

L.T8

L.86

L.%0

B42314




Defense Special Weapons Agency
6801 Telegraph Road
Alexandria, Virginia 22310-3398

10 April 1997

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTENTION: OMI/Mr. William Bush

SUBJECT: Declassification of Reports

The Defense Special Weapons Agency (formerly Defense Nuclear
Agency) Security Office has reviewed and declassified the
following reports:

'AD-3667187  XRD-32-Volume 3
AD~-366726~ XRD-12~Volume 2
AD-366703 XRD-16~Volume 1
AD-366702 XRD-14~Volume 2
AD-376819L" XRD-17-Volume 2
AD-366704~ XRD-18

AD-3674517 XRD-19-Volume 1

AD-366700% = XRD-20-Volume 2 AD- 366705
AD-376028L~ XRD-4

AD-366694~  XRD-1

AD-473912 - XRD-193

AD-473891- XRD-171

AD-4738997 XRD-163

AD-473887~  XRD-166 ST A 2§ ANEO

AD-473888- XRD-167 Mapde TRege!

AD-473889 ~ XRD-168



TRC 10 April 1997

SUBJECT: Declassification of Reports

AD-B197749 XRD-174
AD-473905~ XRD-182
AD-366719" XRD-33 Volume 4
AD-366700" XRD-10
AD-366712~- XRD-25 Volume 1

AD-376827L~+ XRD-75

AD-366756 7 XRD-73
AD-366757- XRD-74
AD-366755 " XRD-72
AD-366754" XRD-71
AD-366710" XRD-23 Volume 1
AD-366711~- XRD~24 Volume 2
AD-366753" XRD-70
AD-366749~ XRD-66
AD-366701~ XRD-11
AD-366745" XRD-62.

All of the cited reports are now approved for public
release; distribution statement "A" applies.

ARDITH JARRKTT
Chief, Technical Resource Center

copy furn: FC/DSWA (DASIAC)
KSC ’



